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What is a Gene?

• Definition:  An inheritable trait associated
with a region of DNA that codes for a
polypeptide chain or specifies an RNA
molecule which in turn have an influence
on some characteristic phenotype of the
organism.

Abstract concept that describes a
complex phenomenon



  

 2

What is Annotation?

• Definition:  Extraction, definition, and
interpretation of features on the genome
sequence derived by integrating
computational tools and biological
knowledge.

Identifiable features in the sequence

How does an annotation differ
from a gene?

• Many annotations describe features that
constitute a gene.

• Other annotations may not always directly
correspond in this way, e.g., an STS, or
sequence overlap
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DNA Analysis

• Heuristics

• Statistics

• Artistics

DNA Analysis

• Find the genes
– Heuristic signals
– Inherent features
– Intelligent methods

• Characterize each gene
– Compare with other genes
– Find functional components
– Predict features
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What is a Gene?

Heuristic Signals

• DNA contains various recognition sites for
internal machinery

• Promoter signals
• Transcription start signals
• Start Codon
• Exon, Intron boundaries
• Transcription termination signals
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Heuristic Signals
atggtccccgacaccgcctgcgttcttctgctcaccctggctgccctcggcgcgtccggacagggccagagcccgttggg
taagccgcgttagcacccgcgccgtgcccacggccccacaacggactgtaggacccgtgagaggcccgggatccaggctg
tttggggctcacggactgttcgtaggggacgtgccgggcgcagaaagcaggtggcgggaccgagactagaggagcgcagt
ggggcctcggaggtccgggttcgctgcaacggtgggagttggtggtgggattccccggccccatgacgcctcaccaggtc
ccctgccgccgcaggctcagacctgggcccgcagatgcttcgggaactgcaggaaaccaacgcggcgctgcaggacgtgc
gggagctgctgcggcagcaggtgcggggcccgggtgcggggcagggagtgccagggaacggaagggggtctcagttccca
gcgaggagagaggaagtacccgagaaggtggagaggagatggggagggaagggggtcggcgggtagggagtccttggcga
aaagaggctgtagaaagggaccccggggtagagagaggggagacccgagggatgaggagaggttgggaccccgctgattc
catcccacccctgcaggtcagggagatcacgttcctgaaaaacacggtgatggagtgtgacgcgtgcggtgagcgcggcg
gggcggtcgggagagagaagagacgggagacagagacacagagacagagacagagagccagggaaagctggggaggaaaa
gagacggaaggagatggaggctgacggagaggtggacggacgaacgggaatgggatggggtgtgtagaaacagagacaaa
aagagacagaagcggtgagagagttttggggaagtgagagacgccacggggcagaaaagcgggacagagactcagagaag
agaccggggagaccccgcggtcagagcgcgcagcctctggggcgggatcgcggacagcgcaggatttcgggccgccccgg
ggcggggggtgggggggaaggggaagcctccagccccggggcgtggccatgataggctctgcccccgggcgagccaccga
tcagccccgccgcttctcccccctcccccccgcagggatgcagcagtcagtacgcaccggcctacccagcgtgcggcccc
tgctccactgcgcgcccggcttctgcttccccggcgtggcctgcatccagacggagagcggcgcgcgctgcggcccctgc
cccgcgggcttcacgggcaacggctcgcactgcaccgacgtcaacgaggtgcgctagccccgacactccaccgccctgac
gactccctctaccgccccccaatctctcgccgcccgggagaccccttcctccactgggagtgttcgccccgaagagcctc
tcacctccgggggcgcacggccagactacctccttaccgcggggggacgcccaacccaaggaccatccccgtcaccaccc
gggacgcccgcccccacaaccccctacatagctagtgacgcccgccccgacgactccctcaccgccaggggtggtccgcc
ccagctaccctcctcgccgcaggggatcgccagtcccaacgacccttccacagccagggaacgcacgcccagaccccccg
ccaccgccgggcacgcacgccccgacgacccctgcccccctctgctggggatgcccgccctcatccttcctcccctcgcc
catgagggaacagctctcctctcctctcccggttgcgcccttgccgtcatcaaggcaaagtcgtgcctgacccctgcgac
aattgcttccatctcagagctccaagcactggcatatggcccttgaactttccacatccgagacactacgaggtgcggcc
cccagggcccagctcgaagccctctgaccctctgtggcccctcctcccccagtgcaacgcccacccctgcttcccccgag
tccgctgtatcaacaccagcccggggttccgctgcgaggcttgcccgccggggtacagcggccccacccaccagggcgtg
gggctggctttcgccaaggccaacaagcaggtgagaggtgtgggggccccatttttggagcagaagggaagggggcgtcc
attttgtttaccagtaaactcctcttccagcctccttccagcgggaggggtggggagaggaggggtccgctgcgccaggg
ctgatcggtttggggcaggatggaggggagaggcaggatgcggaggaagtgtggaggaggtgggaggtccggaggtgtct
gcgtggggtggtgacctctgagttcccctcccctaggtttgcacggacatcaacgagtgtgagaccgggcaacataactg
cgtccccaactccgtgtgcatcaacacccgggtaaggcccgctggggaggaagaaaggatcgcgggaggtggggcgagcg
gcgggcggcctgcgctgacctccggcggctccggcgcagggctccttccagtgcggcccgtgccagcccggcttcgtggg

Start of the gene

Heuristic Signals
atggtccccgacaccgcctgcgttcttctgctcaccctggctgccctcggcgcgtccggacagggccagagcccgttggg
taagccgcgttagcacccgcgccgtgcccacggccccacaacggactgtaggacccgtgagaggcccgggatccaggctg
tttggggctcacggactgttcgtaggggacgtgccgggcgcagaaagcaggtggcgggaccgagactagaggagcgcagt
ggggcctcggaggtccgggttcgctgcaacggtgggagttggtggtgggattccccggccccatgacgcctcaccaggtc
ccctgccgccgcaggctcagacctgggcccgcagatgcttcgggaactgcaggaaaccaacgcggcgctgcaggacgtgc
gggagctgctgcggcagcaggtgcggggcccgggtgcggggcagggagtgccagggaacggaagggggtctcagttccca
gcgaggagagaggaagtacccgagaaggtggagaggagatggggagggaagggggtcggcgggtagggagtccttggcga
aaagaggctgtagaaagggaccccggggtagagagaggggagacccgagggatgaggagaggttgggaccccgctgattc
catcccacccctgcaggtcagggagatcacgttcctgaaaaacacggtgatggagtgtgacgcgtgcggtgagcgcggcg
gggcggtcgggagagagaagagacgggagacagagacacagagacagagacagagagccagggaaagctggggaggaaaa
gagacggaaggagatggaggctgacggagaggtggacggacgaacgggaatgggatggggtgtgtagaaacagagacaaa
aagagacagaagcggtgagagagttttggggaagtgagagacgccacggggcagaaaagcgggacagagactcagagaag
agaccggggagaccccgcggtcagagcgcgcagcctctggggcgggatcgcggacagcgcaggatttcgggccgccccgg
ggcggggggtgggggggaaggggaagcctccagccccggggcgtggccatgataggctctgcccccgggcgagccaccga
tcagccccgccgcttctcccccctcccccccgcagggatgcagcagtcagtacgcaccggcctacccagcgtgcggcccc
tgctccactgcgcgcccggcttctgcttccccggcgtggcctgcatccagacggagagcggcgcgcgctgcggcccctgc
cccgcgggcttcacgggcaacggctcgcactgcaccgacgtcaacgaggtgcgctagccccgacactccaccgccctgac
gactccctctaccgccccccaatctctcgccgcccgggagaccccttcctccactgggagtgttcgccccgaagagcctc
tcacctccgggggcgcacggccagactacctccttaccgcggggggacgcccaacccaaggaccatccccgtcaccaccc
gggacgcccgcccccacaaccccctacatagctagtgacgcccgccccgacgactccctcaccgccaggggtggtccgcc
ccagctaccctcctcgccgcaggggatcgccagtcccaacgacccttccacagccagggaacgcacgcccagaccccccg
ccaccgccgggcacgcacgccccgacgacccctgcccccctctgctggggatgcccgccctcatccttcctcccctcgcc
catgagggaacagctctcctctcctctcccggttgcgcccttgccgtcatcaaggcaaagtcgtgcctgacccctgcgac
aattgcttccatctcagagctccaagcactggcatatggcccttgaactttccacatccgagacactacgaggtgcggcc
cccagggcccagctcgaagccctctgaccctctgtggcccctcctcccccagtgcaacgcccacccctgcttcccccgag
tccgctgtatcaacaccagcccggggttccgctgcgaggcttgcccgccggggtacagcggccccacccaccagggcgtg
gggctggctttcgccaaggccaacaagcaggtgagaggtgtgggggccccatttttggagcagaagggaagggggcgtcc
attttgtttaccagtaaactcctcttccagcctccttccagcgggaggggtggggagaggaggggtccgctgcgccaggg
ctgatcggtttggggcaggatggaggggagaggcaggatgcggaggaagtgtggaggaggtgggaggtccggaggtgtct
gcgtggggtggtgacctctgagttcccctcccctaggtttgcacggacatcaacgagtgtgagaccgggcaacataactg
cgtccccaactccgtgtgcatcaacacccgggtaaggcccgctggggaggaagaaaggatcgcgggaggtggggcgagcg
gcgggcggcctgcgctgacctccggcggctccggcgcagggctccttccagtgcggcccgtgccagcccggcttcgtggg
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Start Codon

Initiation
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Inherent Features

• DNA exhibits certain biases that can be
exploited to locate coding regions

• Uneven distribution of bases
• Codon bias
• CpG islands
• In-phase words
• Encoded amino acid sequence
• Imperfect periodicity
• Other global patterns

Donor Splice Site
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Inherent Features

Solovyev, 1994

Intelligent Methods

• Pattern recognition methods weigh inputs
and predict gene location

– Content-based methods
– Site-based methods
– Comparative methods

• Neural Networks
• Hidden Markov Models
• Stochastic Context-Free Grammar
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GRAIL Uberbacher, Mural

• GRAIL 1
– Neural network with fixed window length (100 bases)

• GRAIL 1a
– GRAIL 1 + adjacent information

• GRAIL 2
– Variable length window, contextual information

• GRAIL-EXP
– Comparison with partial and complete gene sequences

Uberbacher

  Analyzing Complex Multi-
Gene Regions

• Errors in exon prediction and splice site
boundaries

• Gene boundaries uncertain

• Genes can be on both strands
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Neural networks
6-mer vocabulary

6-mer-in-frame

Markov

Isochore GC Composition

Exon GC Composition

Size prob. profile

Length

Donor

Acceptor

Intron Vocabulary 1

Intron Vocabulary 2 Xu 1997

 Grail-EXP



  

 11

FGENEH/FGENES  Solovyev

– Looks at several structural features
– Splice donor/acceptor sites

– Putative coding regions

– Intronic regions

– Linear discriminant analysis to split exon /
non-exon classes

– Dynamic programming to assemble best
gene structure

MZEF  Zhang

– Quadratic discriminant analysis
– Exon length

– Exon-intron transitions

– Splice sites

– Branch sites

– Exon, strand, frame scores

– Detects internal exons

– No information about gene structure
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GENSCAN  Burge, Karlin

– Probabilistic model of sequence composition
and gene structure

– Looks for gene structure descriptions that are
consistent with the query sequence to assign probability
that sequence stretch is exon, …

– Best ---> optimal

– But generates also suboptimal exons

PROCRUSTES  Gelfand

• Forces sequence into target structure
– Requires putative gene product

– Stretches/shortens sequence to fit into model
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Silent states

Production statesB E

Hidden Markov Models

GENIE Kulp, Reese, Haussler
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Strategies

• Select by correlation coefficient

• Select by review paper

• Select by recommendation

• Use them all

Drawbacks

• Most programs are “trained” on existing
data

• It’s awfully hard to find new things this
way!

• NTT
• IPW
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Internet Resources
Banbury Cross http://igs-server.cnrs-mrs.fr/igs/banbury

FGENEH  http://genomic.sanger.ac.uk/gf/gf.shtml
GeneID  http://www1.imim.es/geneid.html
GeneMachine http://genome.nhgri.nih.gov/genemachine
GENSCAN http://genes.mit.edu/GENSCAN.html
Genotator http://www.fruitfly.org/_nomi/genotator/
GRAIL  http://compbio.ornl.gov/tools/index.shtml
GRAIL-EXP http://compbio.ornl.gov/grailexp
MZEF  http://www.cshl.org/genefinder
PROCRUSTES http://www-hto.usc.edu/software/procrustes
RepeatMasker http://ftp.genome.washington.edu/RM/RepeatMasker.html
HMMgene http://www.cbs.dtu.dk/services/HMMgene

Chapter 10 http://www.wiley.com/legacy/products/subject/life/bioinformatics/chapterlinks.html

Characterize a Gene

Collect clues for potential function

• Comparison with other known genes, proteins
• Predict secondary structure
• Fold classification

• Gene Expression
• Gene Regulatory Networks
• Phylogenetic comparisons
• Metabolic pathways
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GenomeChannel

Organism

Sequencing Center

Sequencing Progress

GenomeChannel

Detail view
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A Contig Overview

Feature Display

Predicted Genes

Overlapping clones

Feature selection
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Gene Summary Report

BEAUTY - Gene Search
Results
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Layers of Information

The same base sequence contains
many layered instructions!

• Chromosome structure and function
– Telomers, centromers

• Gene Regulatory information
– Enhancers, promoters, ...

• Instructions for gene structure
• Instructions for protein
• Instructions for protein post-processing and

localization

Original studied protein

Closest database annotated entry

New sequence

Annotation

Inherited Annotation Problems
in Multi-Domain Proteins
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Alternatively Spliced ?

As many as 30% of human genes,
in particular structural genes,  may
be alternatively spliced.

14 16 18 19 20

543

2
4.1R  

RNAs

15

8

ATG-1 ATG-2

12
13 2221

17A

11
10

9761 17

17B

Conboy 1998

One Gene - Many Proteins
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Annotated Genomes

Internet Resources

GenomeHub http://www.nhgri.nih.gov/genome_hub.html

NAR Database Issue http://nar.oupjournals.org/content/vol29/issue1/
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GoldenPath
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BLAT Search
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NCBI Display options

A. Genes

B. Variations, juxtaposed with
genes

C. Several STS maps,
juxtaposed with genes
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NCBI Chromosome 9
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E1b E1a E2 E3E1 E2

Extracellular
stimuli (i.e. TGF-b)

Oncogenic
stimuli (i.e.H-Ras)

p14ARF p16INK4ap15INK4b

p53Mdm2 CDK4/6

pRb

p21

E2F

Apoptosis

Cell Cycle
Progression

MTS2 bcr1 MTS1 bcraMTS1 bcrb

• Same partial nucleotide sequence

• Different amino acid sequence

9p21 gene cluster is a nexus of
the Rb and p53 pathways
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Celera Chromosome 21

Celera, Science 2001
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Beyond the Genome



  

 31

Physical Properties
Prediction of Physical Properties 
• Compute pI/MW http://www.expasy.ch/tools/pitool.html
• MOWSE http://srs.hgmp.mrc.ac.uk/cgi-bin/mowse
• PeptideMass http://www.expasy.ch/tools/peptide-mass.html
• TGREASE ftp://ftp.virginia.edu/pub/fasta/
• SAPS http://www.isrec.isb-sib.ch/software/SAPSform.html

Prediction of Protein Identity Based on Composition
• AACompIdent http://www.expasy.ch/tools/aacomp/
• AACompSim http://www.expasy.ch/tools/aacsim/
• PROPSEARCH http://www.embl-heidelberg.de/prs.html

Motifs and Patterns
• BLOCKS http://blocks.fhcrc.org
• Pfam http://www.sanger.ac.uk/Software/Pfam/
• PRINTS http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/PRINTS.html
• ProfileScan http://www.isrec.isb-sib.ch/software/PFSCANform.html

Protein Structure
Prediciton of Secondary Structure and Folding Classes
• nnpredict http://www.cmpharm.ucsf.edu/_nomi/nnpredict.html
• PredictProtein http://www.embl-heidelberg.de/predictprotein/
• SOPMA http://pbil.ibcp.fr/
• Jpred http://jura.ebi.ac.uk:8888/
• PSIPRED http://insulin.brunel.ac.uk/psipred
• PREDATOR http://www.embl-heidelberg.de/predator/predatorinfo.html

Prediction of Specialized Structures or Features
• COILS http://www.ch.embnet.org/software/COILSform.html
• MacStripe http://www.york.ac.uk/depts/biol/units/coils/mstr2.html
• PHDtopology http://www.embl-heidelberg.de/predictprotein
• SignalP http://www.cbs.dtu.dk/services/SignalP/
• TMpred http://www.isrec.isb-sib.ch/ftp-erver/tmpred/www/TMPREDform.html

Structure Prediction
• DALI http://www2.ebi.ac.uk/dali/
• Bryant-Lawrence ftp://ncbi.nlm.nih.gov/pub/pkb/
• FSSP http://www2.ebi.ac.uk/dali/fssp/
• UCLA-DOE http://fold.doe-mbi.ucla.edu/Home
• SWISS-MODEL http://www.expasy.ch/swissmod/SWISS-MODEL.html
• TOPITS http://www.embl-heidelberg.de/predictprotein/


